This paper presents the effect of curing conditions on freeze-thaw durability of self-consolidating concrete. In order to determine the effect of curing conditions on the durability properties of self-consolidating concrete, some specimens were cured in air and the others in water. Moist-cured (M-C) specimens were kept in water for 14 days at a temperature of 23±2°C before they were subjected to freeze-thaw cycles. Air-cured (A-C) specimens were however left in ambient laboratory conditions and were saturated in water for a day before they were subjected to the same freeze-thaw cycles. From the permeability tests, it was concluded that air cured specimens have higher permeability. Furthermore, an increase in fly ash content resulted in a reduction in the permeation properties of self-consolidating concrete. On the other hand, more variations were observed in permeability results since only two specimens were used for permeability tests. During the freezing-thawing test, it was observed that air cured specimens were not affected by freezing-thawing and did not indicate any degradation since they were not totally saturated because of the lack of the saturation period that was employed.
I. INTRODUCTION
Since drying may remove the water needed for hydration and concrete may not achieve its potential properties in this situation, curing has a strong influence on the properties of hardened concrete such as durability, strength, permeability, and volume stability. Furthermore, inadequate or insufficient curing is one of the main factors contributing to weak, powdery surfaces with low abrasion resistance, and also if the concrete is allowed to dry out quickly, it may undergo considerable early age drying shrinkage [1] , [2] .
In 1948, Powers studied the relation between the hydration of cement and curing of concrete, and pointed out that the development of both strength and durability in concrete not only depends on the degree to which the cement has hydrated but also the degree to which the pores between the cement particles have been filled with hydration products. He also demonstrated that concrete mixtures with a water to cement (w/c) ratio less than 0.50 and sealed against loss of moisture cannot develop their full potential hydration due to lack of Manuscript water, and such mixtures would therefore benefit from externally applied curing water [3] . High performance concrete has very low water content and the developing capillary pores are consequently very small. Unless the loss of water from the surface of the concrete is prevented, this would lead to plastic shrinkage, and hence the need for wet curing from the earliest possible moment must be continued until the strength of the hydrating cement paste is high enough to resist internal microcracking. Neville and Aïtcin [4] studied the distinct shrinkage behavior of high performance concrete and the reasons for an absolute necessity of wet curing, and they stated that high performance concrete that has not been very well cured will be of poor quality. Porosity and interconnectivity are controlled by the amount of cementitious materials, water content, aggregate grading, degree of compaction, degree of hydration and curing efficiency. On the other hand, intensity and location of interfacial microcracks are determined by the level of external or internal applied stress [2] , [5] - [8] . Although the high performance concrete offers better durability properties and the permeability is one of the most important parameter of measuring the durability of concrete, there are very limited research on the permeability of high-performance concrete. One such research was reported by Poon et.al. and Janotka and Bagel and they showed that permeability of all high strength concrete specimens increased drastically with the increase in the temperature, and concrete specimens showed a very low permeability at lower temperature degrees [9] , [10] .
II. EXPERIMENTAL PROCEDURE

A. Material Properties and Mixture Proportions
Throughout the study, in all mixtures a normal Portland cement CEM I 42.5R (PC), which correspond to ASTM Type I cement and low lime fly ash (FA) was used. The chemical composition and physical properties of PC and FA are presented in Table I . Crushed limestone was used as for the fine and coarse aggregate. Two types of coarse aggregate named with a nominal size of 12 mm had specific gravity of 2.68 and water absorption of 0.42% and 0.52%, respectively. The fine aggregate had a specific gravity of 2.67 and water absorption of 0.75%. In all concrete mixtures, a polycarboxylic-ether type superplasticizer with a specific gravity of 1.09, pH of 6.6, and oil alcohol and ammonium salt based air entraining admixture with a specific gravity of 1.02 and a pH of 10 were used.
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B. Tests on Fresh and Hardened Concrete
In this study, the air content and setting time tests of fresh concrete were determined according to the related ASTM standard test methods. Furthermore, workability properties of SCC mixtures were evaluated through the measurement of slump flow time (T50) to reach a concrete 50 cm spread circle, slump flow diameter, V-funnel flow time, L-box height ratio and GTM sieve stability according to the methods standardized by Specification and Guidelines for SCC prepared by EFNARC [11] . The hardened concrete properties determined at 14 days of age were compressive strength, absorption, sorptivity and rapid chloride permeability test. Later, the specimens were freezed and thawed in air and the temperature of the specimens was lowered from 4 to -18 °C and raised from -18 to 4 °C in 3 hours by using the climate test cabinet. Temperature variation inside the specimen was monitored by installing a thermocouple into the concrete the interior of concrete specimen reached freezing temperatures of -18°C in about 90 minutes and thawing temperature of 4°C in about 75 minutes. The concrete specimens were removed from the cabinet at each 30 cycle to determine the relative dynamic modulus of elasticity by using the resonant frequency method. The test was continued until the relative dynamic modulus of elasticity values of the specimens reached 60% of the initial modulus or 700 cycles whichever was reached first.
III. RESULTS AND DISCUSSION
A. Fresh Concrete Properties
The workability properties like slump flow time and diameter, V-funnel flow time and L-box height ratio of the fresh concretes are given in Table II . The slump flow diameters of all mixtures were in the range of 66.5-72.5 cm, slump flow times were less 10s, and the L-box height ratios were between the range of 0.22-1.00. Although all results were not in the range established by EFNARC except the slump flow time and diameter, all concrete mixtures filled the molds by its own weight without the need for vibration and the concrete mixtures were accepted as self-consolidating concrete. 
B. Hardened Concrete Properties
The hardened properties of SCC mixes evaluated at 14 days of age were compressive strength and permeability tests, and the results are given in Table III . As seen from the table, an increase in fly ash and air entraining agent content resulted in a reduced compressive strength. Moreover, increasing in the fly ash content resulted in a reduction in rapid chloride permeability and sorptivity index values. Fig. 1, Fig. 2 and Fig. 3 present the effect of fly ash content on the compressive strength, elastic properties and permeability properties, respectively. As seen from Fig. 1 , increase in the fly ash content resulted in an increased difference between compressive strength values of moist cured and air cured specimens which were also affected by the amount of air entraining agent. On the other hand, from Fig. 2 , it can be seen that an increase in fly ash content raised the difference between UPV and resonant frequency values of air cured and moist cured specimens and this result is also compatible with the compressive strength results. Furthermore it can be concluded that air cured specimens have higher permeability. However, in permeability results, there are more variations which can be mostly attributed to the test procedures [Yaman, 2000]. The effect of freezing-thawing is commonly assessed on the basis of the change in the dynamic modulus of elasticity. The dynamic methods employ ultrasonic velocity and mechanical resonant frequency tests. In this study, resonant frequency test was employed to determine the dynamic modulus of elasticity values of SCC cylinder specimens. The dynamic modulus of elasticity of each concrete specimen was calculated at initial condition, and for each 30 freezing-thawing cycles. In Fig. 4 and Fig. 5 , resonant frequency values of each mix for both moist cured and air cured specimens for each 30 freezing-thawing cycles are given, respectively. As seen from Fig. 4 and Fig. 5 for those mixes that do not contain any air-entrainment the initial resonant frequency values are higher. As the air-entrainment level is increased there is a reduction in the initial resonant frequency of the concrete simply because of the increase in the porosity leading to a decrease in the modulus of elasticity. Moreover, except for the mix those do not contain any air entrainment and maximum amount of fly ash, most of the mixes are resistant to freezing and thawing cycles.
IV. CONCLUSION
This paper presents the effect of curing conditions on freeze-thaw durability of self-consolidating concrete. In order to determine the effect of curing conditions on the durability properties of self-consolidating concrete, some specimens were cured in air and the others in water. At the end of the study, it was observed that
• The difference between the compressive strength, UPV and resonant frequency values of moist cured and air cured specimens increased with increasing fly ash and air entraining agent content. Therefore, special attention should be paid to cure the concrete mixes incorporating higher amounts of fly ash and air entraining agent.
• Air cured specimens have higher permeability.
Furthermore, an increase in fly ash content resulted in a reduction in the permeation properties of self-consolidating concrete. On the other hand, more variations were observed in permeability results since only two specimens were used for permeability tests. • Air cured specimens were not affected by freezing-thawing and did not indicate any degradation since they were not totally saturated because of the lack of the saturation period that was employed.
